*Candida* species are a common cause of invasive fungal infection in hospitalized patients, including children.^[@R1]^ Invasive candidiasis (IC) has been associated with excessive mortality and long-term sequelae in infants.^[@R2]^ Anidulafungin is an echinocandin antifungal drug licensed in adults for the treatment of candidemia and other forms of *Candida* infections.^[@R3]^

We conducted a prospective, open-label, noncomparative, multicenter, international study (NCT00761267) to evaluate the safety, efficacy and pharmacokinetics (PKs) of anidulafungin for the treatment of IC, including candidemia, in pediatric patients 1 month to \<18 years of age. Data in patients 2 to \<18 years of age from this study have been published previously.^[@R4]^ Here, we report data for anidulafungin in patients 1 month to \<2 years of age, including the results of PK subanalyses of anidulafungin and polysorbate 80 (PS80)---a solubilizing agent for anidulafungin.

MATERIALS AND METHODS
=====================

The study design is presented in Figure [1](#F1){ref-type="fig"}. Patients with IC, 1 month to \<18 years of age, were enrolled from June 2009 to February 2018. Full inclusion and exclusion criteria were published previously.^[@R4]^ The inclusion criteria were revised to permit the participation of patients at high risk for IC (without microbiologically confirmed IC) to facilitate enrollment of patients in the 1 month to \<2 years of age group. Additionally, exclusion criteria were amended to allow the enrollment of patients who received prior systemic antifungal therapy and patients for whom removal of an infected catheter was undesirable.
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The study was conducted in compliance with the Declaration of Helsinki and Good Clinical Practice Guidelines established by the International Council for Harmonization. Written consent from parents or legal guardians was obtained.

All patients received a 3 mg/kg loading dose of intravenous (IV) anidulafungin on day 1, followed by a maintenance dose of 1.5 mg/kg daily (both infused at ≤1.1 mg/min) administered for ≤35 days. An optional switch to oral fluconazole (6--12 mg/kg/d, maximum 800 mg/d) was allowed up to a maximum total treatment duration (anidulafungin plus oral fluconazole) of 49 days. This switch was permitted after a minimum of 10 days of anidulafungin in patients with microbiologically confirmed IC. Patients at high risk of IC (without microbiologically confirmed IC) could be switched to oral fluconazole after a minimum of 5 days.

The primary objective^[@R4]^ was to assess the safety and tolerability of anidulafungin in children with IC. Secondary objectives included global response at end of IV therapy (EOIVT), end of treatment, and at the week 2 and week 6 follow-up visits.^[@R4]^ We also assessed relapse and new infection rates, at the week 2 and week 6 follow-up visits, and all-cause mortality throughout the study. Additionally, we examined the PK of anidulafungin and PS80. The first 6 patients were included in a PK substudy with serial PK samples collected on days 1 and 2 and analyzed using noncompartmental methods to confirm the dosage regimen. Serial blood samples were collected at 6 time points on days 1 and 2: 2 minutes before the end of infusion on day 1 (receiving 3 mg/kg); and, on day 2 (receiving 1.5 mg/kg), just before the start of infusion, 2 minutes before the end of infusion, and 6, 12 and 24 hours after the start of infusion.

Plasma samples were stored at −20°C or colder after collection and analyzed periodically at a centralized laboratory (PPD, Richmond, VA) using a validated high-performance liquid chromatography--tandem mass spectrometric method. The bioanalytical assay had a dynamic range of 50--20,000 ng/mL and a lower limit of quantification of 50 ng/mL for anidulafungin. The between-day assay accuracy, expressed as percent relative error for quality control (QC) concentrations, ranged from −10.6% to 4.17%. Assay precision, expressed as the between-day percent coefficients of variation (% CV) of the mean estimated concentrations of QC samples, was ≤8.68%.

Blood samples for PS80 measurements were collected from 8 patients following a request from the European Medicines Agency for exposure data of PS80 in infants. Blood samples were collected at 3--5 of the following time points: day 1 (0--2 hours postdose); day 3 (predose); day 5 (0--3 hours postdose); day 7 (6--12 hours delayed postdose); and day 9 (predose).

Plasma samples were stored at −20°C or colder after collection and analyzed periodically at a centralized laboratory (PPD) using a validated high-performance liquid chromatography--tandem mass spectrometric method. The bioanalytical assay had a dynamic range of 5.00--100 µg/mL and a lower limit of quantification of 5.00 µg/mL for PS80. The between-day assay accuracy, expressed as percent relative error, for QC concentrations, ranged from 2.96% to 6.01%. Assay precision, expressed as the between-day % CV of the mean estimated concentrations of QC samples, was ≤11.2%.

Anidulafungin global response was evaluated in the modified intent-to-treat population only (patients who received at least 1 dose of study drug and had confirmed *Candida* infection). Statistical analyses were mainly descriptive, as detailed previously.^[@R4]^

RESULTS
=======

Nineteen patients were enrolled at 13 sites in 7 countries. All were white, 10 (52.6%) were male, and the mean age was 0.9 years (range: 0.1--1.8 years). All received IV anidulafungin and were included in the safety population. Six patients were switched to fluconazole treatment (see Table [1](#T1){ref-type="table"} for treatment durations).

###### 

Study Treatment Durations and Baseline Characteristics
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Sixteen of 19 patients (84.2%) had microbiologically confirmed IC and were included in the modified intent-to-treat population. Baseline pathogen data are summarized in Table [2](#T2){ref-type="table"}. The most common site of infection was blood (15/16, 93.8%), and the most common risk factor for IC was the use of broad-spectrum antibiotics, which was reported in all patients (Table [1](#T1){ref-type="table"}).

###### 

Key Results in Patients With IC 1 Month to \<2 Years of Age Who Received Anidulafungin
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Seventeen of 19 patients (89.5%) exhibited treatment-emergent events (TEAEs) of any causality. TEAEs affecting \>20% of the overall safety population are detailed in Table [2](#T2){ref-type="table"}. Events were all mild-to-moderate in severity except 10 severe TEAEs reported in 7 patients (36.8%). Of these, 5 were considered serious (abdominal sepsis, coagulopathy, diarrhea, pancytopenia and urinary tract infection), and 1 was considered related to anidulafungin treatment (diarrhea); all resolved. A summary of all-causality TEAEs affecting \>5% to ≤20% of patients is in Table [3](#T3){ref-type="table"}.

###### 

Incidence of Treatment-Emergent Adverse Events of All Causalities (Affecting \>5% and ≤20% of Safety Population)
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Three patients (15.8%) experienced a total of 5 treatment-related TEAEs: diarrhea, pyrexia, increased alanine transaminase, increased aspartate transaminase and erythema. Of these, only diarrhea (serious adverse event in a 3-month-old girl resolved) led to discontinuation of anidulafungin. This event was considered to be anidulafungin related. No patients experienced TEAEs related to fluconazole.

Regarding all-cause mortality, 1 of 19 patients (5.3%) died during the study. The cause of death in this 16-month-old boy was multiple organ dysfunction syndrome on study day 40 which was not considered treatment related.

Eleven of 16 patients (68.8%) achieved a global response of success at EOIVT (Table [2](#T2){ref-type="table"}). Responses by the site of infection and by neutrophil count are summarized in Table [4](#T4){ref-type="table"}. Two patients (12.5%) with candidemia (1 with *Candida albicans* and 1 with *Candida parapsilosis*) had a global response of failure at EOIVT; both had a microbiologic response of persistence at EOIVT (Table [5](#T5){ref-type="table"}).

###### 

Anidulafungin Response Success Rates by Site of Infection and Neutrophil Count at EOIVT (MITT Population)

![](inf-39-305-g005)

###### 

Anidulafungin Response Success Rates (EOIVT) According to Baseline Pathogen (MITT Population)
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No patients relapsed or experienced new infection, and 15 of 16 (93.8%) achieved negative blood cultures. The median time to the first negative blood culture was 3 days. No resistance to anidulafungin was observed for Candida species.

Table [2](#T2){ref-type="table"} summarizes anidulafungin PK parameters from the 6 patients included in the PK substudy (age range: 0.1--1.8 years). In addition, plasma concentration of PS80 measured in 28 samples from 8 patients was found to be below the limit of quantification (5 µg/mL) for all samples, except one. A 20-month-old boy with a medical history of increased alanine transaminase and aspartate transaminase had a single PS80 concentration of 5.3 µg/mL, collected 1-hour postloading dose on day 1.

DISCUSSION
==========

We report, to our knowledge, the first comprehensive prospective study of safety, efficacy and PK of anidulafungin in patients 1 month to \<2 years of age. Anidulafungin was generally well tolerated in children with IC, or at high risk for IC, at a 3.0 mg/kg loading dose followed by 1.5 mg/kg daily.

Most TEAEs were expected adverse drug reactions or were associated with underlying conditions. TEAEs in patients 1 month to \<2 years of age were largely similar to the overall population, although anemia was more commonly reported.^[@R4]^ Events of anemia were mild-to-moderate in severity and resolved and were not considered treatment related but generally related to the patients' underlying conditions. No new safety concerns for anidulafungin were identified in patients 1 month to ≤2 years of age.

No deaths were considered related to anidulafungin. All-cause mortality here was lower than previously reported for pediatric patients with IC mainly receiving amphotericin B as initial therapy (up to 24%).^[@R5]^

The proportion of patients 1 month to \<2 years of age who experienced a global response of success at EOIVT (68.8%) was similar to findings in patients 2 to \<18 years of age enrolled within the same study,^[@R4]^ as well as to that observed in adults (75.6%).^[@R6]^

Furthermore, results for anidulafungin exposure in this study were comparable to the reported range of steady-state population PK parameters in adults with fungal infections receiving the standard anidulafungin dose (200 mg loading dose followed by 100 mg maintenance dose): steady-state area under the plasma concentration curve 110.3 mg·h/L (32.5 % CV) and steady-state maximum observed concentration 7.2 mg/L (23.3 % CV).^[@R3]^ These findings are consistent with a previous PK study in which a loading dose of 3.0 mg/kg and daily maintenance dose of 1.5 mg/kg resulted in similar anidulafungin exposures in neonates and infants \<2 years of age.^[@R7]^

PS80 exposure was investigated due to a lack of published excipient data in infants, and previous reports of possible hepatotoxicity in neonates and infants associated with other IV drugs formulated with PS80.^[@R8],[@R9]^ This study is, to our knowledge, the first to evaluate PS80 levels in infants. No hepatotoxicity or PS80 accumulation was detected, and the 1 patient who had a single PS80 concentration above the lower limit of quantification following the loading dose had a medical history of hepatobiliary events. The overall PS80 and anidulafungin PK findings further support anidulafungin use at the studied dose in pediatric patients \>1 month of age.

The overall sample size of this study was small, and results should be interpreted with caution. A further limitation was the open-label, noncomparative study design, although this design is common in pediatric studies.^[@R10]^

Taken together, the data support the use of anidulafungin 3.0 mg/kg loading dose on day 1, followed by 1.5 mg/kg daily for the treatment of IC, including candidemia, in patients 1 month to \<2 years of age.
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